A Difference in the Buoyant Density of Ha~magglutinin From Rubella Virus Strains
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The multiplication of rubella virus in tissue culture cells results in the production of two complement fixing antigens (Schmidt et aL I968), two antigens detectable by immunodiffusion (Le Bouvier, I969), an antigen detectable by haemagglutination and infective virions heterogeneous with respect to buoyant density (Magnusson & Skaaret, I967) . The physical characteristics of rubella virus haemagglutinin have been studied by equilibrium density gradient centrifugation in caesium chloride and values of 1.25 (Palmer & Murphy, I968) and 1.33 (Amstey, Hobbins & Parkman, I968) have been obtained. Strain differences in buoyant density have been noted for herpes simplex virus (Roizman & Roane, 196 t) . As part of a continuing study of rubella strains (Oxford, I969), we have determined the buoyant density in caesium chloride of the haemagglutinin prepared from four virus strains with widely varying numbers of tissue culture passes.
BHK-2I cells were infected with IoSTCD5o/ml. of different strains of rubella virus to establish a persistent infection (Downie & Oxford, 1969) , and the cells subsequently subcultured four or five times at 4-day intervals in Eagle's minimal essential medium (MEM) supplemented with Io% tryptose phosphate broth and Io% calf serum. Haemagglutinin was obtained from such rubella infected BHK-2I cells by maintaining the cells for 4 days in Eagle's MEM containing 1% kaolin-adsorbed calf serum and o'44 g./1. NaHCO3. Tissue culture fluids containing haemagglutinin were clarified by centrifugation of 2ooog. for Io min. Haemagglutinin was titrated in plastic WHO plates using o'5 % pigeon red blood cells and a diluent of o'9 % NaC1, o.1% CaCIa (anhydrous), o'I % MgSO~. 7H~O, I ~/o dextrose and 0"24 ~o bovine serum albumin. The cells were allowed to settle at room temperature and haemagglutination patterns were read after I hr.
To determine buoyant densities, linear gradients of CsC1 (Analar, British Drug Houses, Poole, Dorset) were prepared with the aid of a mixing device from 2"4 ml. of 37 % (w/v) and 2.i ml. of 53 % (w/v) CsC1 dissolved in o'oi M tris + HCI buffer, pH 7"4. One ml. of rubella haemagglutinin (titre I/8 to I/I6) was layered on the top of the gradient in 0"5 x 2 in. cellulose nitrate centrifuge tubes. The tubes were centrifuged for 22 hr at 36,000 rev./min, in the SW-39 rotor of a Spinco L preparative ultracentrifuge. After centrifugation, the tubes were removed carefully to avoid disturbing the gradient and alternate 15 drop and 5 drop fractions were collected from the bottom of the tube for haemagglutinin and refractive index determinations, respectively. Refractive indices were estimated immediately at room temperature using an Abb6 refractometer and densities calculated from standard tables (International Critical Tables, I933) . These figures were corrected to 4 °, the temperature of centrifugation.
The low passage SrmPHERD strain (Fig. I a) had a sharp peak of haemagglutinin at a buoyant density of 1.259 g./cm ~. The haemagglutinin from the high passage nvv-77 strain ( Fig. I b) had a buoyant density of 1.3o2 g./cm. ~. In further experiments (Fig. Ic) , the two strains were mixed before layering on the gradient and after centrifugation two haemagglutinin peaks were found at densities I"3o7 g./cm. 3 and 1.264 g./cm. 3. In each buoyant density experiment two control tubes were incorporated containing rubella haemagglutinin of high or low density established in previous experiments, while the third tube contained haemagglutinin of unknown density. The two strains with relatively few tissue culture passes had haemagglutinin banding at a buoyant density of between 1.253 and 1-277 g.]cm. ~. Haemagglutinin from the high tissue culture passage strains JUDITH and re'v-77 was more dense and showed a buoyant density of 1.3o7 to 1"318 g./cm.L In these experiments the number of rubella HA units recovered from all fractions was equal to or greater than the number in the sample layered on the gradient. A similar increase in rubella HA titre after centrifugation in caesium chloride was noted by Amstey et al. (I968) . In preliminary experiments we have been unable to recover infective rubella virus strains from caesium chloride gradients after 22 hr centrifugation at 36,000 rev./min. Amstey et al. (1968) noted marked variation in the recovery of infective rubella virus after 90 min. centrifugation in caesium chloride. The differences in the buoyant density of the high and low passage strains were relatively large. Density gradient centrifugation techniques can separate macromolecules which differ in density by o'o14 g./cm, a (Cramer, I964), and Roizman & Roane (I961) described two strains of Herpes simplex virus which differed in buoyant density by o'8 %. In the present study, the buoyant density of haemagglutinin from the SHEPHERD and rlPV-77 rubella strains differed by 0"044 g./cm, s or 3"4 %-Treatment of haemagglutinin of relatively low density (1.26 g./cm, s) from the SHEPrlEP, D and gENSHAW strains with a mixture of ether and tween 8o (Norrby, I962 ), which would be expected to remove lipid and lipoproteins from the virus surface, changed the buoyant density of the haemagglutiniu to approximately 1-31 g./cm, s.
Amstey et al. (I968) reported a buoyant density of 1.33 g./cm .s for ether-tween treated samples of rubella haemagglutinin. However, identical treatment of the more dense haemagglutiniu prepared from the m,v and JUDITH strains did not affect the buoyant density of the haemagglutinin. A possible explanation of this finding is that high passage rubella virus strains may be partially disrupted in caesium chloride to a greater extent than low passage strains. However, electron micrographs of a single strain of rubella virus showed no evidence of extensive disruption of the virus particle after 35 hr centrifugation in caesium chloride (Palmer & Murphy, I968) .
Several explanations of these two densities for rubella haemagglutinin are possible. Firstly, possession of haemagglutinin of a high or low density may be a constant property of a rubella strain regardless of passage history in tissue culture. Alternatively the density of the haemagglutinin of a single rubella virus strain may vary randomly at different passage levels or even at a single passage level. Thirdly, as tissue culture passage has been associated with loss of virulence of some rubella strains for man (Parkman et al. 1966 ) and a decrease in antigenicity for rabbits (Huygelen & Peetermans, I967) , changes in buoyant density may occur during tissue culture passage and reflect surface changes of the virus particle. The latter explanation is of particular interest because of a possible application to the problem of markers of virulence in the development of attenuated rubella virus vaccine strains.
